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ABSTRACT 
The water vapor Joss from 1 mm 2 forearm skin can be measured with t h e same accuracy 
as that from larger areas and can b e cons idered to be a representative sample for fo rearm 
skin genera lly. 
The water vapor loss from 0.1 mm 2 forearm s kin is not representative of general forearm 
skin. The re lative standard deviat ion of measurements upon 0.1 m m 2 forearm skin is abou t 
30% of t he water vapor loss. Measure ments upon such small a reas indicate the var iab ili ty 
which ex ists between different areas of forearm skin. 
A study of th e correlation between structure 
and func t ion of t he skin will inevitably necessi-
tate the measurement of t h e water vapor loss 
from very s mall a reas (4). Complete ly new 
methods m ay be expected in a short t ime. How-
ever , at least one ex isting method (7) can be im-
proved to permit measurements on smaller a reas 
of forearm skin . Such measurements may show 
what minimum area of forearm skin is represent-
ative for general forearm s kin . Measureme n ts on 
s ignificantly s m a ller areas will t h en possibly 
a llow conclusions to be drawn about differently 
functio ning parts of the skin. 
MATERIALS AND METHODS 
The " MEECO" industrial electrolytic water analyzer, 
rout inely used for measurements on 20 m m 2 forearm 
s kin (7), has been adapted so that measurements can be 
carried out upon an area of as li ttle as 0.1 m m 2• 
Pure industrial nitrogen containing less than 5 ppm 
water by volume is dried to about 0.2 ppm by passing 
over sil icagel granules. This gas is passed through nickel 
and te flon tubes to a capsule placed upon the skin . T he 
gas carries th·e water evaporat ing from the skin in to the 
e lectrolytic water analyzer. The output of t he analyzer 
is automatically amplified and recorded with a Servogor 
RE 520. Some water diffuses from the atmosphere 
through the teflon tubes (inner diameter 2 mm ; outer 
diameter 4 mm) into the dry gas. Variable lengths of 
these tubes have been used in order to regulate the 
base-line of the water analyzer at values between 0.4 
a nd 4 ppm water by volume. Temperature and hu-
midity were significant variables (an increase of either 
raises the base-line) but they were usua lly constant 
during the ni ght, in which period the measurements 
were carried out. T he gas flow was kep t constant at 
values between 30 and 50 ml/min. 
Measurements upon 20 mm 2 forearm skin were car-
ried out using t he rout inely emp loyed simple capsule 
having an inlet and an outlet tube (5, 7). A similar cap-
sule surrounding the 1, 0.4 and 0.1 mm 2 sa mpling cap-
:::ules was constructed. 
Measurements upon 1 mm 2 forearm skin were carried 
out applying two sorts of capsules, one based on the 
principle of the larger capsules conducting a carr ier gas 
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over the skin (see Figs. 1 and 3) , and the other ac-
cording to the design of the 0.1 mm 2 capsules 111 wh ich 
the carrier gas does not come into direct contact with 
t he skin. 
In the 0.1 mm 2 capsules the water evaporating from 
the skin surface diffused through a sa mpling tube (inner 
diameter 0.3 mm ; outer diameter 0.6 mm ;see Fig. 2) 
into the carrier gas passing from the inlet tube (A) to the 
outlet tube (B). T he length of the sampling tube was 
about 2 mm and did not appear to be cr it ical; in one 
capsul e it was red uced to 1.3 mm. 
The water vapor loss from the skin areas surrounding 
the 1, 0.4 and 0.1 mm 2 sam pling capsules was measured 
simultaneously with a flow of gas entering by inlet tube 
P and leaving the capsul e by outlet tube Q (Figs. 1 a nd 
3) . These 20 mm 2 a reas were ca librated by compan son 
with the resul ts of measurements employing the rou-
t inely used cups. 
Paired 1 or 0.1 mm ' capsu les were assembled and 
then ground flush (Fig. 3). In this way simultaneous 
measurements cou ld be performed within 1 em from 
each other. 
The dimensions of the areas under investigation and 
the rims of the inner ca psules were determined from 
photographic enlargements of the open side of the cap-
sules (Fig. 3). The "effective" skin sampli ng a reas were 
calculated by compar ing the results of some 30 meas-
urements of t he water vapor loss with the resul ts of as 
many measurements of water vapor loss from the "sur-
rounding" skin areas of the 1 and 0.1 mm 2 capsules. 
The output of t he analyzer was recorded and meas-
urements were not begun un til this output had been 
constant for at least 3 hours. The output was recorded 
during the t ime of the measurement of the water vapor 
loss and was not considered to be co mpleted before a 
steady state output had been reached. T his often neces-
sitated mainta ining the capsule on the skin for periods 
up to one hour (peri ods indicated by gray areas in Figs. 
4 and 5). At the end of the measurement t he capsules 
were closed but the recording was cont inued (whi te 
areas in Figs. 4 and 5) in order to check that the equip-
ment returned to the sa me steady state output. 
RESULTS 
The resul ts of measurements of water vapor loss 
from forearm skin a pplying t he 1 mm 2 cup were 
completely comparable with t he resul ts of the 
measurements upo n t h e surrounding 20 mm 2 
s kin. The rei a tive standard deviation of t hese 
measurements appeared to be about 10% of t he 
water vapor loss (7). 
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FIG. 1. Capsule for measuring on 1 mm 2 skin ; s ide-view. 
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FIG. 2. Capsule for measuring water vapor loss from 0. 1 mm 2 skin. 
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FIG. 3. Assemblage of two 1 mm' cups; bottom-view. 
The resul ts of measurements of water vapor 
loss from areas of about 0.1 mm 2 forearm skin did 
not appear to be comparable with the results of 
the measurements upon 20 mm 2 surrounding skin 
(Fig. 5). The relative standard deviation of the 
measurements determined from 9 series of at 
least 10 measurements each on different areas of 
the same forearm skin, was 30.0; 27.3; 27.7; 24.1; 
26.1; 36.7; 27.9; 29.2; 24.2% of the water vapor 
loss. 
The characteristics of five, very s imilar, 1 mm 2 
cups are given in the Table. The sampled "effec-
tive" area of each cup was determined by com-
parison of the results of eight measurements of 
the water vapor loss with the results of simulta-
neous measurements from 20 mm 2 surrou nding 
skin. The corresponding "effective diameter" of 
the cups has been calculated from the "effective 
area"and appears to approximate to the average 
of the inner and outer diameters of the cups, and 
to be very similar in each of the 5 cups. 
The calculated "effective" area and diameter of 
three 0.1 mm 2 cups (inner diameter 0.3 mm; 
outer diameter 0.6 mm) appeared to vary consid-
erably. The following effective diameters were 
calculated: 
cup no. 1: 0.40 mm (from 30 measurements) 
cup no. 2: 0.42; 0.44; 0.48; 0.36 mm (from resp . 
20; 19; 10; 10 measurements) 
cup no. 3: 0.53 ; 0.46; 0.44; 0.44 m m (resp. 20; 
19; 10; 10 measurements). 
The average effective diameter of these cups was 
therefore 0.44 mm (S.D.: 0.048 mm = 11%) corre-
sponding to an effective area of0.15 mm ' . 
DISCUSSION 
The small diameter of the sampling cup pro-
duces a difference between the "effective" sam-
pling area of t he cup and the actual inner area of 
TABLE 
Characteristics of same I mm' measuring cups 
Cup number 
,, I ·I I 
mm 
Inner diameter 1.03 1.01 0.99 1.01 1.03 
Outer diameter 1.42 l.44 1.44 1.45 1.38 
Average of tnner a nd 1.22 1.22 1.21 1.23 1.20 
outer diameter 
mm 1 
" Effect ive " area de- 1.18 0.94 1.06 1.11 1.06 
term in ed by com-
pari son with water 
vapor loss from 20 
111m 2 su rround in g 
ski n 
mm 
"' Effective" diam eter 1.23 1.16 
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t he cup. The potentia l lines of water flow through 
the stratum corneum deviate markedly because of 
the presence of the rim of the cup (6) . This 
problem has been treated before in the measure-
ment of water vapor loss through the nai l (5). The 
problem in the measurement on small areas of 
forearm skin is even more complicated because 
the exact th ickness of the re levant stratum cor-
neum is unknown. Therefore the effective diam-
eter of the cups was determined practically from a 
com parison of the meas urements of the water 
vapor loss with t he resul ts of measure ments from 
t he surrounding 20 mm 2 skin . 
The measurement of the water vapor loss from 
1 mm 2 forearm skin can be carried out with the 
same accuracy as from larger a reas. No s pecia l 
prov isions in order to obtain a low base- line, 
other than the use of pure nitrogen gas containing 
about 4 ppm water by volume, need be made. In 
this way measurement of the water vapor loss 
ta kes a bout 10 minutes, in which period at least 
95% of the ultimate value (periods p a nd q, Fig. 4) 
is reached. Below 3 ppm water the 95% va lue is 
progressively reached much more slowly; see pe-
riods rand s of Figure 4 and Figure 5. 
Measurements of the water va por loss from 
areas of about 0.1 mm 2 forearm skin require some 
modification of the technique in order to lower 
t he base-line of the water content of the " dry" 
carrier gas. Although the base- line of our meas-
urements was usua lly between 0.5 and 1 ppm 
water necess itating about one hour for each meas-
urement, .it is preferable to adjust it to a bout 2 
ppm water so that the time for a measurement is 
reduced to about ha lf an hour. We attempted to 
shorten this time by increasing the voltage across 
the electrolytic cell from 70 to 140 Volt but were 
unsuccessful, both in measurements on 1 mm 2 
and 0.1 mm 2 skin . 
The complete lack of agreement between the 
results of the 0.1 mm 2 measurements and the 
simultaneous 1 and 20 mm 2 measurements in 
about 60% of the experiments (demonstrated in 
Fig. 5) is s triking and needs further considera-
tion; the more as the standard deviation of the 
0.1 mm 2 measurements was very bad compared 
with measurements upon 20 a nd 1 mm 2 skin . , 
Forearm skin is composed of different areas in 
some of which a) only stratum corneum is pres-
ent, b) hairs are present, c) sweat duct openings 
are present, and d) grooves predominate. An area 
of about 1 mm 2 will usual ly enclose nearly all the 
mentioned sub-areas and present a good average 
sample of the surface of general forearm skin, but 
an area of about 0.1 mm 2 will not (1, 2, 3, 6) . For 
example , an area of 0.1 mm 2 may cover only 
freshly peeled stratum corneum, and no sweat 
duct openings or only intact stratum corneum 
which may soon be lost as scales. From theoret-
ical considerations the water vapor loss from the 
last mentioned areas may be expected to be 
considerab ly lower than from the average forearm 
skin. On the other hand an area may be covered 
which includes a sweat duct opening and rela-
tively much folded s kin (grooves originating from 
the sweat duct openin g, (6)). Such supple skin 
can be expected to be cons iderab ly high er in water 
vapor loss than the average forea rm skin a rea. The 
suggestion is therefore made that 1 mm 2 wi ll rep-
resent t he minimum area for a good sample of 
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F IG. 4. S imul ta neous recording of the water vapor loss measurement (start of measurement by placing cup on 
skin at A and C; end of measurement with closure of cup at B a nd D) on 0.4 mm ' and the surrounding 40 mm 2 
forearm skin. AtE the cup was opened a nd imm ediately closed aga in (not placed on the skin) . The 95% value of the 
water va por loss is recorded in a shorte r period when the carri er gas is less " dry". 
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FIG. 5. Simultaneous recording of three water vapor loss measurements (start of measurement at A, C a nd E; 
cl<?sure of the cup at B, D and G) on 0.125 and 1 mm 2 forearm s kin and the va lues of the s imu ltaneous ly dete r-
ro w ed water vapor loss from the surrounding 20 mm 2 skin a reas. 
forearm s kin in terms of its water vapor loss and 
that 0.1 mm 2 will not. Measurements upon these 
smaller a reas represent t he intrinsic variabili ty 
which exists between different areas of t he same 
general forearm skin. 
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